Materials and Methods
There were three main goals to this study. First, to determine the extent of laterality of the soft tissue thickness in normal wrists, the soft tissue thickness of 30 bilateral wrists without intra-articular lesions and without soft tissue swelling was measured using standard lateral X-ray images projected with support.
1 From a series of 54 patients, 30 pairs of wrist X-ray images with less than a 3-mm difference in the horizontal distance between the palmar end of the scaphoid and pisiform compared with the contralateral wrist 2 were selected to minimize the influence of forearm rotation and were included in the study. Second, to determine whether a wrist affected with Kienböck's disease has a thicker soft tissue than that of an unaffected wrist, the soft tissue thickness of the bilateral wrists of 26 patients with unilateral Kienböck's disease was measured using standard lateral wrist X-rays which satisfied the criteria that each pair showed less than a 3-mm difference in horizontal distance between the palmar end of the scaphoid and pisiform. Finally, to determine which site of the wrist Twenty-six patients with Kienböck's disease in stage I, II, or IIIA were selected from a consecutive series of 75 patients. Twenty-three of 75 patients were excluded due to lack of MRI or poor quality of X-rays or MRI. Kienböck's disease in stage IIIB or IV 3 was found in 23 patients, and they were excluded from the study. Three patients were excluded due to complications (pseudogout, distal radius fracture in the affected side, and ganglion just dorsal to the lunate, respectively). Of the included 26 patients with Kienböck's disease, 7 had an ulnar variance of >1 mm, 10 had a variance of 0 mm, and 9 had a variance of <1 mm. The time interval between the onset of wrist pain and X-ray examination ranged from 3 to 60 months (average 13 months). Sixteen patients (62%) were examined less than 12 months from the onset of the wrist pain. According to Lichtman and Degnan's classification, 3 4 patients had stage II of the disease and 22 had stage IIIA. There were no patients with stage I Kienböck's disease. Wrist swelling was estimated by soft tissue thickness from the capitate head to the skin in standard lateral X-rays of the wrist and T2-weighted fat-saturated axial MRI views across the capitate head (►Figs. 1 and 2). As the lunate among patients with Kienböck's disease is flattened with an increasing diameter of varying degrees from the dorsal to palmar direction, the capitate head level is considered more preferable for the measurement of wrist swelling. The degree of lunate flattening and deformation does not directly affect the measurement at the capitate head level. In fact, the correlation coefficient between the increase of the soft tissue thickness in affected wrists with Kienböck's disease compared with unaffected wrists and the increase of lunate diameter in the affected wrists was 0.121, showing that lunate flattening did not affect the measurement of soft tissue thickness at the capitate head level. Furthermore, a sagittal MRI view of the wrist showed the most remarkable swelling at the capitate head level on preliminary examination (►Fig. 3). At the capitate head level, an axial MRI view is sufficient to detect the joint space, the capsular ligament with gliding floor of extensors and flexors, extensors with the extensor retinaculum and flexors with the transverse carpal ligaments, as well as skin with subcutaneous tissue.
MRI studies were performed using a 1.5T MRI scanner (General Electric, Signa Excite, Fairfield, CT) with a slice thickness of 2 mm. All measurements were performed on a highresolution screen under two-or threefold magnification using software supplied by the 3Z Corporation (Tokyo, Japan). In addition, three specimens intraoperatively obtained from the dorsal capsule of wrists with Kienböck's disease were used for histological examinations.
Statistical Analysis
The obtained data were statistically analyzed using Student's t-test or the chi-square test. Differences in averaged value of measurements with a probability (p) value of less than 0.05 were considered statistically significant. Interrater reliability between the first and second authors was judged by correlation coefficient in soft tissue measurement on X-rays and MRI. 
Results
There were no significant differences in age and sex between patients with Kienböck's disease and controls. Although the number of females and the elderly were higher among patients with Kienböck's disease than among controls, these differences were not statistically significant (►Table 1).
The length of the third metacarpal was measured in both wrists affected with Kienböck's disease and control wrist. The average of the third metacarpal length was similar between the affected and control wrists, with an average difference of 0.7 mm, suggesting similar average hand and wrist sizes between patients with Kienböck's disease and controls (►Table 1).
X-ray measurements could not detect a difference in the average thickness of the dorsal and palmar soft tissue between the right and left wrists in the control group (►Table 2). The average dorsal soft tissue thickness of wrists with Kienböck's disease was greater than that of contralateral unaffected wrists. The dorsal soft tissue was thicker in 24 of 26 patients by more than 1 mm in affected wrists versus that in the unaffected wrists. None showed thinner dorsal soft tissue thickness by more than 1 mm in affected wrists compared with unaffected wrists. However, the average palmar soft tissue thickness of affected wrists was similar to that of unaffected wrists (►Table 3). MRI zonal measurements revealed significantly more swelling of the dorsal capsule and extensor layer in wrists with Kienböck's disease (►Table 4, p < 0.001). Radiologist reports available for all 26 patients with Kienböck's disease showed thickening of the dorsal intercarpal ligament or dorsal radiocarpal ligament and surrounding synovia, which extend from the scaphoid to the triquetrum in 24 of 26 patients (►Figs. 2 and 3). There were no significant differences in soft tissue thickness in any other sites.
Interrater reliability between the first and second authors calculated by correlation coefficient was 0.98 in X-ray measurement and 0.80 to 0.94 in MRI zonal measurement. These results showed satisfactory interrater reliability.
Histological examination of the dorsal capsule and gliding floor of the extensors revealed nonspecific chronic inflammation with lymphocyte infiltration and angiogenesis consistently in all three collected specimens (►Fig. 4).
Discussion
Most cases of Kienböck's disease have been considered idiopathic and the etiology has not been identified. On the contrary, many cases of femoral head necrosis are primarily caused by femoral neck fracture, corticosteroid administration, or alcoholism. Therefore, it is more difficult to clarify a primary etiology and to follow the pathological process in Kienböck's disease than in femoral head necrosis. We believe that detailed examination of clinical findings is important to find a clue to the etiology and detailed pathology. The results of this study revealed that soft tissue thickness at the capitate head level was similar between the normal right wrist and the normal left wrist, possibly because of a minimum amount of muscular structure at the capitate head level.
Measurements using X-ray images confirmed that the average dorsal soft tissue thickness was greater in wrists affected with Kienböck's disease than in contralateral unaffected wrists. However, the palmar soft tissue thicknesses were similar between the affected and contralateral unaffected wrists. As the dorsal soft tissue thickness in most affected wrists was at least 1 mm greater than that in contralateral normal wrists, dorsal wrist swelling may be a common feature of Kienböck's disease. Furthermore, MRI zonal measurements showed swelling of both the dorsal wrist capsule and extensor layer. Therefore, wrist swelling in Kienböck's disease may not be caused by intra-articular lesions but by periarticular lesions.
Histological analysis confirmed chronic inflammation around the dorsal intercarpal ligament with synovitis, together with MRI findings which showed the site of the swelling, and the inflammation is believed to be dorsal capsulitis and extensor tenosynovitis (►Figs. 2 and 3).
Limitations of this study are the lack of patients with stage I, although detection of patients with stage I of the disease is extremely difficult, and that most control patients complained of radial wrist pain or ulnar wrist pain, but there are no remarkable changes around the lunate. Another limitation is the small number of histological examinations. Three-phase bone scans of wrists with Kienböck's disease had been reported to show unexpected isotope accumulation not only in the lunate but also the surrounding carpus on pool images 4 and rarely shows a cold spot in the lunate.
5,6
The dorsal capsulitis and synovitis are suspected to collect extensive accumulations of isotopes. As extra-articular lesions are known causes of dorsal wrist swelling, the development of such lesions may represent a peculiar pathology of Kienböck's disease. It is difficult to determine whether this inflammatory process is etiologically a primary or an associated change. Empirically, considerable wrist swelling associated with increasing wrist pain and progressive flattening of the lunate are hallmarks of Kienböck's disease. Therefore, dorsal wrist capsulitis and tenosynovitis are suspected to be at least an aggravating factor of lunate necrosis. Lunate osteonecrosis identical to Kienböck's disease has been reported in patients with sustained lunate dislocations.
7 Moreover, flattening of the lunate, possibly due to inflammation around the lunate, is sometimes noted in rheumatoid arthritis of the wrist.
8-10
Therefore, vascular insufficiency caused by trauma or inflammation around the lunate could cause lunate necrosis. These findings suggest that dorsal capsulitis is possibly engaged in the etiological process of Kienböck's disease. 16, 17 Furthermore, an anatomical study found a dense plexus of small venous vessels at the dorsal and palmar sides of the lunate which is woven into the capsular ligament. 18 They speculated that disruption of venous drainage plays a role in the origin of aseptic necrosis. The site of capsulosynovitis is believed to coincide with the site of the dorsal venous plexus. Therefore, at present, we speculate that an unknown primary etiology including repetitive stress 19, 20 to the wrist and overuse of the wrist induce venous insufficiency and cause Kienböck's disease. We cannot deny that dorsal wrist swelling has etiological significance, although we are unable to present more positive data about the etiology.
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